Introduction

45
Hatching, the last dynamic event during egg development, is established by the digestion Egg envelope is known to be permeable to small molecules such as salt, and therefore, 70 perivitelline space, where the hatching enzymes are secreted, is under the same salinity as 71 outer environment. In the present study, we focused on the difference of salinity at hatching 72 between medaka and Fundulus. Medaka is mainly distributed in freshwater (Naruse et al., 73 1993; Naruse, 1996), although adult fish is occasionally found in brackish water (Miyamoto 74 et al., 1986). The death rate of medaka embryos in brackish water and sea water is higher 75 than that in freshwater (Inoue and Takei, 2002) . On the other hand, Fundulus inhabit coastal 76 water (marshes and estuaries) and also freshwater (Nelson, 2006) . Adult Fundulus showed 77 wide salinity tolerance (1.7-28.7‰), and their embryos showed no effect on hatching in the
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Hatching rate of medaka and Fundulus embryos in various salinities 88 We first observed the hatching rate of medaka and Fundulus embryos under four 89 different salinities; freshwater (FW), one fourth concentration of seawater (1/4SW), one half 90 concentration of seawater (1/2SW), and seawater (SW). Throughout the experiments, the 91 maximum hatching rate of medaka embryos was around 90%, and that of our Fundulus 92 population was around 60%. 93 As shown in Fig. 1A , the average hatching rate of medaka embryos within 1 h was 73.5% 94 in FW, and was decreased dose-dependently with increased salt concentrations. The rate in 95 SW (35.0%) was about one half of that of FW (Fig. 1A) . After 2 h incubation, the rate in FW 96 jumped up to 89.1%. The rates in 1/4SW, 1/2SW and SW were not as high as that in FW. 97 Especially, the difference between the rate in SW and that in FW was statistically significant. 98 The 97.8% of embryos hatched immediately after the embryos cultured in SW were 99 transferred to FW at hatching day (Fig. 1A) . This might occur by stimulation of salinity 100 change. We confirmed that the low hatching rate in SW did not result from the developmental 101 delay of embryos.
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The hatching rate of Fundulus embryos within 1 h was fairly constant in 1/4SW, 1/2SW 103 and SW (62.2% -70.7%), and was somewhat lower in FW (44.5%) than the others (Fig. 1B) . ), and one half of the activity remained in 0.25 M NaCl. . Therefore, we assigned the two cDNAs to the FHCE1 and FHCE2 genes.
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To confirm whether or not the two cDNAs correspond to the purified FHCE1 and 153 FHCE2, we generated recombinant proteins from cloned cDNAs (rFHCE1 and rFHCE2).
154
Figures 4B and C show the salt dependency curves of rFHCE1 and rFHCE2 toward medaka 155 and Fundulus egg envelopes, together with those of recombinant MHCE (rMHCE). MHCE has a kidney-like shape (Fig. 5A) , which is quite similar to that of astacin, a prototype 
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The FHCE1/pET3c, FHCE2/pET3c and MHCE/pET3c plasmids were transformed into E. After incubation at 37 ºC for 2 h, the cells were disrupted by sonication, and centrifuged at 318 12300 g for 10 min. The precipitate was suspended in 10 mL of lysis buffer (50 mM Tris-HCl 319 pH8, 5% Triton X-100 and 1 mM EDTA), sonicated and centrifuged (12300 g for 10 min).
320
After the procedures were repeated three times, the inclusion bodies thus obtained were 
